This paper aims to investigate the key factors influencing the decision making process of firms in conducting remanufacturing activities, using the Thai automotive parts as a case study. Our results show that on average, business feasibility is the most influential determinant driving the decision making of firms, followed by areas of the firm's strategic factors, and policy factors. In terms of individual factors, product maturity is ranked first as the most important factor for a firm to engage in remanufacturing activities, followed by financial aspects, availability of skilled workers and technical aspects. Policies related to trade, intellectual property rights and the environment are identified as the least crucial factors in affecting the decision of firms. Characteristics of firms and products matter in ranking the factors influencing a firm's decision to conduct remanufacturing.
industries, and governments is stimulating numerous businesses to adopt environmentallyconscious policies within manufacturing and end-of-life (EOL) strategies (Subramoniam, Huisingh, and Chinnam 2010) . The concern for environmental protection has encouraged many new industrial operations to address environmental challenges (Jiang, Zhang, and Sutherland 2011) . Remanufacturing represents a potential alternative for gaining environmental and economic advantages by extending product longevity, whilst reducing raw material consumption and energy usage (Lund 1984; Subramoniam et al. 2013 ).
Remanufacturing engenders comparatively superior quality and reliability compared to other product recovery processes because each product is totally disassembled and its components are restored or replaced to replicate original performance specifications (Guide 2000; Ijomah 2002; Ijomah et al. 2007 ). The quality of a remanufactured product is guaranteed to be at least as good as that of a newly manufactured product. However, its price tends to be 40% to 80% lower than that of an equivalent new product (Steinhilper 2001) . Remanufacturing represents a great opportunity to create a win-win situation for all players; the customer receives an attractively priced and quality product, the remanufacturer reduces their manufacturing costs whilst generating profits, and society gains from the lower environmental impact from manufacturing (Östlin 2008; Steinhilper 2001) . Remanufacturing is, therefore, considered as a key strategy driving sustainable development (Matsumoto and Ijomah 2013 ).
The remanufacturing industry embraces a wide range of products. Many empirical studies point out that remanufactured products have spread widely to encompass various industrial sectors, such as automotive parts, medical equipment, cellular phones, computers, photocopiers, single-use cameras, electric home appliances, tires and so on (Ferguson 2009; Matsumoto and Umeda 2011; ÖZER 2012; Rathore, Kota, and Chakrabarti 2011; Sundin 2004) . Remanufactured automotive part (RAP) represents the foremost remanufacturing industry, accounting for two-thirds of global remanufacturing operations (USITC 2012) . The wide variation of goods within RAP ranges from motor rewinding to engine, for example alternators, starter motors, drive shafts, air conditioning (AC) compressors and gearboxes (Steinhilper 1998 ).
The implementation of remanufacturing activities has been primarily concentrated in developed countries like the U.S. and the U.K.. Lund and Hauser (2010) recently quantified that in the U.S. more than 6,000 firms are engaged in remanufacturing with over 113 product types. This reflects the readiness of laws and regulations, business strategies, and consumer awareness of remanufactured products in these countries (Rathore, Kota, and Chakrabarti 2011; Xiang and Ming 2011) .
However, over the past decade remanufacturing has become an increasingly important activity in developing countries. An involvement with multinational enterprises and liberalization in investment and trade policies has probably helped to stimulate remanufacturing. China, for example, announced regulations concerning RAP and conducted a pilot study in 2008; in addition to identifying remanufacturing as a key component of National Development Planning (Xiang and Ming 2011) .
Although the concept of remanufacturing is currently gaining popularity in developing countries, there are only a handful of empirical studies on the factors influencing the strategic decision of firms to conduct remanufacturing activities. In developing countries such remanufacturing research has mostly been conducted in China, India, and Brazil. Yet there is a need for remanufacturing decision-making framework and it is even more necessary for developing countries where remanufacturing is in the initial stage and lacks of remanufacturing knowledge and understanding. This framework could serve as analytic tools and techniques to help the firms, particularly small or independent remanufacturers, to decide whether to become involved in remanufacturing and enhance the effectiveness of the remanufacturing activities (Ijomah et al. 2005; Ijomah, Bennett, and Pearce 1999) . Furthermore, the seminal work done by Lund (1984) have shown the importance of remanufacturing to developing countries. Recently, Abdulrahman et al. (2015) developed a remanufacturing decision-making framework reflecting the Chinese automotive parts industry using case studies from two firms. Technical concerns are found to be the predominant for implementing remanufacturing whilst regulatory and social issues are less concern. However, neither firm is planning to undertake in-house remanufacturing in the next three years due to a lack of prerequisite technical and managerial capabilities. Wei et al. (2015) examined the motives and barriers for Chinese car part and machinery remanufacturing operations through conducting industrial survey. Environmental and ethical responsibility, customer orientation and strategic advantage are found to be the top three critical motives, whereas customer recognition is the most serious barrier.
Against this backdrop, this paper aims to investigate the key factors influencing the decision making process of firms in developing countries, using the Thai automotive parts sector as a case study. Thailand and automotive parts were chosen for two key reasons. First, Thailand has the potential to be the remanufacturing hub of the Association of South East Asian Nations (ASEAN) because it has been thoroughly integrated into the global production network of leading multinational companies for a long period of time. Its workforce, therefore, has accumulated the necessary manufacturing knowledge and assembly skills, which represent some of the critical success factors for implementing remanufacturing initiatives (Kohpaiboon et al. 2011 (Kohpaiboon et al. , 2012 . In addition, with the opening of Myanmar and the ASEAN Economic Community (AEC), Thailand has the potential to expand remanufactured goods to ASEAN countries, especially CLMV, i.e. Cambodia, Lao, Myanmar and Vietnam (Kohpaiboon et al. 2012) . The Thai government, through the Board of Investment (BOI), is currently attempting to promote remanufacturing activities to support sustainable development.
Second, the automotive sector represents the largest sector within the remanufacturing industry. The automotive part is one of the significant remanufacturing industries in global market, accounting for two-thirds of global remanufacturing operations (USITC 2012). Automotive parts also constitute the key industry conducting remanufacturing activities in Thailand (Kohpaiboon et al. 2011) . This would be due to the fact that automotive production is under modular system in which the production process can be divided into many subprocesses and can be outsourced to other firms. Such process generates opportunity for firms in automotive parts to conduct remanufacturing. In addition, reverse logistic costs leading to core acquisition in Thailand are not high since used parts can be easily obtained through various outlets, such as car service centers or independent repair shops, located nationwide. This could help to stimulate remanufacturing in Thailand. While automotive sector in Thailand has been continuously growing, ranked as the 9 th and 1 st largest automobile producers in the world and in ASEAN respectively in 2013, and there is no regulation in limiting the car useful life, demand for replacement parts continues to grow in the country (OICA 2014; TAI 2012) . With its great potential opportunity and the balance of market demand and supply, remanufacturing of automotive parts in Thailand has become an interesting case study. So far there has been no study investigating the factors influencing the decision-making process of firms in this industry conducted in Thailand. Since nature of automotive and automotive parts industry tends to be similar in developing countries, especially modular production system in automotive sector, our findings could, to some extent, shed some light on potential factors influencing remanufacturing activity in automotive parts industry in other developing countries The rest of the paper is organized as follows. The second section presents a literature survey with emphasis on the key factors influencing firms' decisions to conduct remanufacturing. The next section outlines the research methodology. The results and discussion are presented in Section 4. Conclusion and policy inferences comprise the final section.
Analytical Framework
Based on the previous literature, the factors affecting the decision of a firm to conduct remanufacturing 1 can be grouped into three main areas: business feasibility, firm's strategic factors, and policy factors (Figure 1 ). Particular factors are highlighted as being key in some studies but not in others. For example, financial feasibility, a component of business feasibility, represents an important factor in Haynsworth and Lyons (1987) , Lund (1984) , Matsumoto and Umeda (2011) , while the organizational aspect, part of a firm's strategic factor, is found to be important only in Abdulrahman et al. (2015) , Lund and Skeels (1983) , Matsumoto (2010) . The details of each factor are discussed below.
Figure 1 A summary of the factors influencing a firm's decision to conduct remanufacturing
Business Feasibility
Business feasibility refers to factors that have a direct impact on the profitability of remanufacturing at the firm level. There are five key sub-aspects as follows:
Technical Aspects
1 Remanufacturing definition refers to "the process of returning a used product to at least OEM original performance specification from the customers' perspective and giving the resultant product a warranty that is at least equal to that of a newly manufactured equivalent" (W. Ijomah 2002) .
This refers to the ability of products to be disassembled and re-assembled. This is crucial and pre-requisite in determining the business feasibility of remanufacturing. As argued in a number of previous studies (Lund 1984; Bras and Hammond 1996; Hammond, Amezquita, and Bras 1998; Nasr et al. 1998; Subramoniam, Huisingh, and Chinnam 2010) , it relates to how products are suitably designed for remanufacturing. The suitable design stage of any product's lifespan affects on reducing production cost, increasing end-of-life possibilities, and leading to profits increases (Hatcher, Ijomah, and Windmill 2011; Sundin, Lindahl, and Ijomah 2009 ).
In some products, for example, two or more different materials are bonded together. This makes disassembly either costly or impossible so that opportunity for such a product to be remanufactured becomes bleak. Nasr et al. (1998) argued that three-quarters of products are not appropriately designed for disassembly, potentially negatively affecting remanufacturing operations. If this problem still remains, OEMs are unable to maximize their potential to fully remanufacture their products (Hatcher, Ijomah, and Windmill 2011) .
Design for remanufacture is the process intended to efficiently disassemble, clean, replace and re-assemble, as well as prolong the life of remanufactured products. This has considerable impacts on remanufacturing efficiency Hatcher, Ijomah, and Windmill 2011; Sundin and Bras 2005) . When the products are remanufactured several times, appropriate product design effort and design improvements are even more critical for remanufacturing (Sundin, Lindahl, and Ijomah 2009 ). To make products more suitable for future remanufacturing, product design for remanufacture must take into consideration in the early stages of production. OEMs play crucial role in this activity since they hold important remanufacturing information i.e. design, production, business models and marketing (Ijomah 2009; Subramoniam, Huisingh, and Chinnam 2009; Subramoniam, Huisingh, and Chinnam 2010; Charter and Gray 2008) . However, OEMs cold be either facilitators for product design or be barriers through design strategies to protect their own remanufacturing from independent remanufacturers (IRs) (Charter and Gray 2008) .
Product Maturity
Not all products are suitable for remanufacturing depending on product specifications regarding technology and lifespan. As argued in Lund (1984) , products with high potential to be remanufactured must exhibit design stability in which the mature product has been on the market for a considerable period without any substantial design changes. This is related to speed of technological innovation change and product lifetimes (Matsumoto 2010 ). These two specifications determine which EOL product strategies are selected (Umeda, Daimon, and Kondoh 2007) . For instance, if a new product incurs rapid technological change, product upgrades are recommended through component replacement, rather than remanufacturing. Likewise, if the physical lifespan of a product is short, the product is unsuitable for remanufacturing (Matsumoto 2010 ).
Availability of Skilled Workers
A third factor concerns the availability of skilled workers. Lundmark, Sundin, and Björkman (2009) outlined how the process of remanufacturing is complicated and must be implemented by relatively skilled workers. Workers must have better information about products (e.g. product design, parts and their function, etc.) to be able to disassemble, identify parts to be changed, and replace new parts to allow the resumption of original performance. A lack of such expertise potentially represents an obstacle for remanufacturing operations (Abdulrahman et al. 2015) .
Financial Aspects
When remanufacturing is technically feasible, the prospect of business profit plays another crucial role in firms' decisions to implement remanufacturing (Hammond, Amezquita, and Bras 1998; Gillian D Hatcher, Ijomah, and Windmill 2013; Matsumoto 2010; Östlin, Sundin, and Bjorkman 2008; Toffel 2004) . Costs and the demand for remanufactured products represent two key factors affecting the prospects of business profitability.
Cost of Remanufacturing
The costs of remanufacturing mainly arise from the additional resources needed to ensure products resume their original performance. These include direct production costs (i.e. disassembling, inspection, replacement parts, and re-assembling), the cost of capital equipment, and reverse logistics to obtain cores. Nonetheless, as argued in Subramoniam, Huisingh, and Chinnam (2010) , the cost of quality assurance and setting up remanufacturing reverse logistics remain key in determining business profitability.
A lack of control due to the quantity, quality and timing of the cores makes remanufacturing activities more complex and difficult than traditional manufacturing (Lundmark, Sundin, and Björkman 2009; Filho 2012, 2016) . Thus, many studies 2 on remanufacturing focus on how to set up an effective core management and reverse logistic network as it is regarded as the backbone of remanufacturing operations. When a product is newly launched, limitations of core availability might limit the supply of remanufactured products (Matsumoto 2010) . On the contrary when a product has been on the market for a protracted period, it is likely that firms have been able to amass an adequate amount of core to enable them to optimize their remanufacturing operations.
Hence, effective network lower uncertainties in balancing the supply of cores and the demand for remanufactured products (Lundmark, Sundin, and Björkman 2009; Filho 2012, 2016) . The cost saving is largely derived from the fact that remanufacturing companies are able to take advantage of the resources that are used in the original product manufacture. However, how much prices are reduced depends not only on the costs of remanufacturing, but also on the nature of their demand.
Demand for Remanufactured Goods
To sustain remanufacturing businesses, sufficient demand for their remanufactured goods is needed. This is especially true for industries where remanufacturing incurs substantial fixed costs. The obvious price differences between remanufactured and new products can cultivate the demand for remanufactured goods due to their lower price with equivalent quality and warrantee to new goods (Amezquita et al. 1995; Lundmark, Sundin, and Björkman 2009) . The demand for remanufactured goods may be influenced by consumer perceptions. Potentially, customers have a negative perception towards remanufactured products as they believe the products have inferior quality compared to new products (Abdulrahman et al. 2015; Matsumoto 2010) . Such negative perceptions tend to be pronounced in developing countries where knowledge of remanufacturing and environmental awareness is limited. The evidence in Hatcher, Ijomah, and Windmill (2013) , based on the experience of OEM suppliers, suggests that managers, designers, or even all staff must collaborate to place the needs of customers as their first priority.
Firm's Strategic Factors
These comprise five aspects as follows:
Corporate Image
Amidst growing concerns regarding environmental degradation worldwide and the increasing importance of corporate social responsibility (CSR), many corporates tend to offer environmental-friendly or 'green' products as alternatives to consumers Chinnam 2009, 2010) . Wei et al. (2015) found that environmental and ethical responsibility is the most important motives for conducting remanufacturing in China. This helps to improve corporate image. Remanufacturing potentially represents such a green solution as it consumes relatively less resources as opposed to traditional manufacturing. Some materials used in the core are re-used. The experience of Kodak in launching single-use cameras serves as an effective illustration. After the product was launched, the company received negative feedback from customers about "throwaways" and "disposables". This resulted in a boom in remanufactured cameras (Östlin 2008; Östlin, Sundin, and Bjorkman 2008) . However, as the literature expounds, the ethical motivation for remanufacturing might not always be substantial. Seitz (2007) , for example, found that ethical or moral responsibility had low influence in inducing OEM to conduct remanufacturing in European Vehicle Manufacturer because there is no any eco-friendliness promotion for the benefits of remanufactured products.
Business and Marketing Benefits
Remanufacturing could permit new business strategies for the whole product life cycle, generating new product sales by trading old products (Östlin 2008; Saavedra et al. 2013; Östlin, Sundin, and Bjorkman 2008) . This could help the OEM gain more information regarding customer needs, including additional information about after market solutions and product design feedback. In addition, this could assist in securing the supply of spare parts and result in reducing dependency on suppliers, particularly in the case of the part termination (Seitz 2007; Östlin 2008; Östlin, Sundin, and Bjorkman 2008) . Specifically for the automotive industry, remanufacturing represents a critical source of replacement engines and may, therefore, be viewed as extending product life.
Brand Protection
Generally, OEMs who have full information on product design, product performance specifications, and material sourcing have at least two options to respond to remanufacturing opportunities. They either undertake remanufacturing operations in-house or outsource them to independent remanufacturers (IRs). Nonetheless, empirical evidence is in favor of the former, i.e. OEMs tend to undertake in-house remanufacturing. This is implemented to protect the product brand of the OEM and lower the risk of inferior quality recovered goods produced by IRs and badged as remanufactured goods (Seitz 2007) . In this scenario, OEMs do not share information and try to prevent cores becoming available to IRs (see Seitz (2007) involving the case of automobile engines in Europe and Saavedra et al. (2013) within the context of the Brazilian automotive sector). Although brand protection incentives potentially promote remanufacturing by OEMs, this tends to create difficulty for IRs (Östlin 2008; Saavedra et al. 2013; Östlin, Sundin, and Bjorkman 2008) .
Concerns about the Cannibalization Effects
Another factor that could influence a firm's decision to conduct remanufacturing is concerns about cannibalization effects. Offering remanufactured goods might incur negative effects on OEM's new products, which usually generate greater profits than their remanufactured counterparts (Abdulrahman et al. 2015; Linton 2008; Matsumoto 2010) . The belief that remanufacturing might stunt the prospect of new products, resulted in the slow progress within the remanufacturing industry found in Brazil (Oiko, Barquet, and Aldo 2011; Saavedra et al. 2013) . Nevertheless, the size of any negative effect on new products depends on consumer perceptions towards remanufactured goods compared to new products. In some products, remanufactured and new products fall into different market segments, so that any cannibalization effect would be minimal, (see Östlin, Sundin, and Bjorkman (2008) for a forklift truck-related example).
Organizational Aspects
The ability to create effective management within an organization, especially in terms of integration, alignment and communication between remanufacturing sections and others represents another possible factor determining a firm's decision to conduct remanufacturing. The flexibility of combining manufacturing and remanufacturing operations and strong communication among divisions within a company constitute critical management considerations in achieving remanufacturing success (Lund and Denney 1977; Matsumoto 2010) . These help generate effective cost management and productive production planning. Hermansson and Sundin (2005) and Subramoniam, Huisingh, and Chinnam (2010) highlighted not only the importance of organizational aspects by integrating remanufacturing within an original manufacturing but also its service and aftermarket businesses so as to accomplish efficient operations.
Policy Environment
There are four noteworthy aspects of policy environment as follows:
Rules and Regulations in Setting Up Remanufacturing Businesses
Rules and regulations in setting up remanufacturing businesses, varying from country to country, represent crucial factors influencing remanufacturing activities. Undoubtedly, developed countries like the U.S. and the U.K. are at the forefront in implementing remanufacturing because of their readiness and strict enforcement of specific laws and regulations (Abdulrahman et al. 2015) . Hence, setting up remanufacturing businesses in developed countries seems to be easier and more supported than in developing countries. Remanufacturing in India is almost non-existent, and involves only a few firms because of a lack of specific government policies (Mondal and Mukherjee 2006; Rathore, Kota, and Chakrabarti 2011) . This evidence is also found in other developing countries, including Brazil (Oiko, Barquet, and Aldo 2011; Saavedra et al. 2013) . Governmental legislation restrictions become the serious barriers for undertaking remanufacturing in China (Wei et al. 2015) .
International Trade
International trade policy is another influential consideration within remanufacturing. In many countries, remanufactured products are counted as used products. Thus, their importation tends to be subjected to trade barriers. Trade barriers include outright import bans, higher tariffs and fees, or overly-stringent regulations, certification and inspection requirements (US-WTO 2005) . For example, Brazil classified cores as used products, and has barriers preventing the import of used products in order to promote local manufacturing. This results in a negative impact on firms establishing remanufacturing businesses when cores are not easily available in a local market (Subramoniam, Huisingh, and Chinnam 2009) . Malaysia prohibits imports of used automotive parts, including remanufactured goods. Furthermore, India does not allow remanufactured products produced using cores from other countries, allowing only domestic cores.
Intellectual Property (IP) Protection
IP protection could constitute another policy factor influencing firm's decisions to launch remanufacturing businesses (Subramoniam, Huisingh, and Chinnam 2010) . IP provides a higher incentive for OEMs to conduct remanufacturing to protect their IP from IRs (Pagell, Wu, and Murthy 2007) . In doing so, OEMs hinder IRs in implementing IP systems because they protect cores and prevent product designs disseminating to IRs. Zhang et al. (2011) showed that while USA IP laws permit IRs to remanufacture OEM products, this is not the case in China. Consequently, Chinese IRs tend to be eliminated through IP protection.
Environmental Regulations
Burgeoning environmental concerns have prompted governments in many countries to develop regulations which can constitute significant drivers to the adoption of remanufacturing (Matsumoto 2010; Subramoniam, Huisingh, and Chinnam 2009) . Östlin (2008) and Östlin, Sundin, and Björkman (2008) proposed the example of legislation for remanufacturing from the toner cartridge business regulated under the WEEE 3 Directive, which requires producers to be responsible for post-consumer recycling. To boost remanufacturing in China, Abdulrahman et al. (2015) suggested that the Chinese government should align their regulations to western standards, for examples the guidelines concerning EOL vehicle take-back. Interestingly, Seitz (2007) found that environmental product takeback and recovery legislation is not crucial in promoting remanufacturing activities in European Vehicle Manufacturers because the automotive remanufacturing industry developed long before environmental problems garnered attention as a critical issue.
Methodology
In order to both fulfill research objectives and reveal valuable insights, this study applied a qualitative approach by conducting interviews, and a quantitative methodology via questionnaires. A case study was conducted through semi-structured interviews and discussions employing open-ended questions with key decision makers representing RAP firms.
As there is currently no registration of remanufacturing firms in Thailand, the estimation of RAP firms comprises approximately 80 firms 4 . Our sample constituted 20% of overall RAP firms. A purposive sampling strategy was utilized as a tool for informant 3 WEEE DIRECTIVE (2002/96/EC): Waste Electrical and Electronic Equipment requires producers to manage post-consumer recycling and disposal of electronic products effective August 13, 2005. 4 It is crucial to note that RAP firms in Thailand are defined using the boarder term, which includes both remanufacturing and semi-remanufacturing. The studies of Kohpaiboon et al. (2011 ) and OIE (2012 proposed the term "semi-remanufacturing" in the Thai case since the products under this category are to some extent similar to the products under rebuilding, reconditioning, and overhauling, but the quality derived from "semi-remanufacturing" seems to be higher. Semi-remanufacturing occurs based on the demand of Thai customers for cheaper product prices. Kohpaiboon et al. (2011 Kohpaiboon et al. ( , 2012 stated that heavily relying on the remanufacturing definition may lead to underestimating the potential and marginal utility of accrued environmental benefits for developing countries, including Thailand. What matters most is resources being reused instead of being sent to be disassembled to become replacement parts, recycled, or dumped in landfill, which generates increased negative impacts on the environment. selection in order to gain insight into the remanufacturing sector, rather than probability sampling techniques. The significance of purposive sampling lies in identifying informationrich participants with the prerequisite depth and breadth of experience for in-depth analysis (Patton 1990 ).
The 16 firms were chosen bearing in mind their relevance to this topic and their knowledge and experiences concerning the influencing factors for making decisions to remanufacture, rather than at random (Stuart et al. 2002) . Table 1 shows the characteristics of respondents. A wide range of RAP firms, including six engine, four transmissions, two drive shaft, two crane trucks, one AC compressor, and one alternator and starter motor firms were selected to prevent any possible selection bias.
Most firms refer to their remanufacturing activities as "rebuilding" 5 . The majority of firms comprised IRs and was mostly Thai-owned, with only one OEM being foreign-owned. 70% of all samples were small-scale firms 6 . In terms of new product sales, 75% of the firms emphasized their remanufacturing business, while 25% simultaneously run new product operations. Remanufactured products sold by these firms are three to six times cheaper than new OEM goods. Key informants of each firm interviewed comprise business owners (70% of total samples), executive managers (25%), and senior officer (6%), who have the authority to make decisions concerning remanufacturing activities across 16 selected firms. In the automotive industry, there is still debatable about the differences between the terms "rebuilt" and "remanufactured". However, at the bottom line, both terms could be used interchangeably and have the same meaning (APRA 2016). 6 Small-scale enterprise has fewer than 50 employees and medium-scale enterprise has fewer than 200 employees and over of these is large-scale (OSMEP 2015).
Item
Sub-item Automotive part firm Amount % Senior Officer 1 6%
Interviews were conducted during February-June 2014. The length of interviews varied from half an hour to two hours depending on the content and information that firms contributed. Interview and discussion information was supplemented with participatory observations and analysis of company documents. The questions asked when conducting the interview were first tested with a firm owner with over ten years experience of the automotive parts industry and remanufacturing activities. His feedback allowed us to evaluate and then refine the comprehensiveness of the survey instrument.
In order to ensure that the questionnaire was efficiently structured and designed, it was developed in three steps. First, discrete items in the questionnaire were developed based on a thorough literature review. Next, in order to facilitate a review and stimulate suggestions, the questionnaire was sent to six experts involved in the remanufacturing area, including four business owners and two academics. Finally, the questionnaire was developed incorporating their feedback. The respondents replied to a structured questionnaire with indicators on a fivepoint Likert scale (Sekaran 2000) . The questionnaire structure was composed of three parts, comprising firm information, influencing factors and personnel information.
After collecting the questionnaires, the data analysis was performed, starting with managing the interview data and field notes from the observations. The audio files which record from all interviews were transcribed and analyzed. After that, the steps of coding and condensing the analyzed data were conducted, and then the codes were combined into categories. The final step was to interpret the results. A Version 22 SPSS statistics program was applied to enable statistical analysis. For calculating the scores of influential levels, descriptive statistical analyses, including mean, standard deviation (S.D.), and median, were performed. The influential levels represent easy indicators, determining the levels of influencing factors. The influential levels, derived from the mean scores, were categorized into five levels: (1) not at all influential = 1.00-1.79, (2) slightly influential = 1.80-2.59, (3) somewhat influential= 2.60-3.39, (4) very influential= 3.40-4.19, and (5) extremely influential = 4.20-5.00.
One-way ANOVA (Analysis of Variance) and t-test were then applied to analyze whether the 13 factors rated differently among remanufactured products (six products), firm size (small, medium and large), ownership (Thai or Foreign), and having remanufacturing with new product sales (yes or no). If the p-value was equal or less than 0.05, there was seen to be a statistically significant difference.
Results
The results analyzed from the questionnaires show that all factors identified from the literature review influence respondents' decisions to remanufacture, but additionally to differing degrees depend on firm characteristics, remanufactured product specifications, and Thai context reasons. Figures 2-3 present the results derived from the questionnaires. They were converted from the mean scores 1-5 into five influential levels and then plotted on to graphs. Figure 2 presents the mean scores of 13 influencing factors categorized by the three areas: business feasibility, firm's strategic factors and policy factors. Figure 3 shows the mean scores of the 13 influencing factors. In terms of areas, business feasibility represented the most influential factor, followed by the firm's strategic factors, and policy factors (Figure 3) . Within business feasibility, product maturity gained the highest rating score of 4.25, followed by financial aspects, availability of skilled workers, and technical aspects. For the firm's strategic factors, business and marketing benefit comprises the most important factor in this area, which recorded a rating score of 2.81, while organizational aspects, concerns about cannibalization effects, and brand protection performed equally at 2.75. A detailed analysis of each factor may be seen as follows: Note that each following result for the influential level is regardless of the criteria used (i.e. firm size, ownership, etc.) in Table 2 .
Business Feasibility

Product Maturity
As an extremely influential consideration; i.e. achieving the top rating score, product maturity was selected by all respondents as a key factor impacting on decisions to remanufacture. The majority of these respondents affirmed that it was worth remanufacturing the product if its remaining lifespan was long enough; i.e. at least 80-100% that of the new product and still fashionable where the product is fashion affected. Another respondent also stressed that a product was suitable for remanufacturing when technological change impacting on it was slow and it involved low technological complexity. This is in line with the prior literature asserting that products with a high potential to be remanufactured must exhibit a slow speed of technological change to ensure that the lifespan of existing products is long enough to allow firms to conduct remanufacturing (Matsumoto 2010 ).
Financial Aspects
Financial aspects were rated as the second most important factor affecting a firm's decision to conduct remanufacturing. Several respondents from our interview point out that in Thailand the profit margin gained from remanufacturing is higher than trading imported used parts by around 50%. This provides an incentive for firms to conduct remanufacturing. In the context of financial aspects, firms consider both costs (supply) and demand.
Regarding remanufacturing costs, core management is a necessary ingredient for effectively reducing production costs. As indicated by respondents, there are two main avenues of core acquisition. The first source is the domestic market by exchanging return cores for RAP. Firms will sell RAP at the dealing price or at a discount rate that includes returned cores from customers. The RAP price depends on the returned core's condition. Firms then incorporate the returned cores into the remanufacturing process. Another source of core accessibility is through import markets, especially from China, Japan, Taiwan and Malaysia.
Several respondents use both paths with their respective ratios depending upon desirable quantity, quality and prices. Many operations import cores as used products for not only remanufacturing, but also for trade as second hand parts within the Sieang-kong group. 7 Two respondents encountered an issue wherein imported cores were hard to access in sufficient quantities and acceptable quality at reasonable prices. This is compatible with prior literature which addressed the uncertainties in balancing core supply and demand because of a lack of control in quantity, quality and timing (Lundmark, Sundin, and Björkman 2009; Filho 2012, 2016) .
In Thailand, increased labor costs pertaining to the Thai government policy of increasing the minimum wage to 300 baht per day in 2013 from 222-273 baht per day also affects the production cost of remanufacturing. Some firms adjusted their business strategy by reducing the workforce and then attempting to increase labor effectiveness.
A firm's decision to conduct remanufacturing depends also on demand. In Thailand, consumers demand remanufactured products due to their cheaper prices. For example, the price of remanufactured drive shafts is lower than that of new products by at least five to six times, with the same 12 months warranty. If the prices of remanufactured products are not adequately attractive, the customer may select new products imported from China or even used products imported from Japan instead. This is compatible with the uncertainty of customer demand stressed by Lundmark, Sundin, and Björkman (2009) in which remaufacturing acceptance is based on the perceived differences between remanufactured and new products.
To attract more demand, some firms conduct remanufacturing by applying tailormade/customization concepts, which are similar to the "remanufacture-to-order" approach identified in Seitz (2007) . This approach is becoming more popular in Thailand as it takes into account customer budget constraints. Customers can select to change only some necessary parts, allowing them to control their budget. For instance, customized remanufactured truck transmissions offered by independent remanufacturers are 1.5 to two times cheaper than general remanufactured ones. Customized transmission is mainly required by maintenance shops or end-users, while remanufactured transmissions are primarily required by large logistics and transportation companies. Some respondents from our interviews expressed that conducting remanufacturing was not prohibitively expensive for their customers. They only require the extension of a products' useful life by installing necessary parts that allow current functionality within their budget limitations. Thailand has many maintenance shops employing skilled technicians and offering affordable prices, the customers can, therefore, frequently change parts.
Although demand for remanufactured products has increased over the past decade, customers' negative perception about the quality of remanufactured products remains a major obstacle for operating remanufacturing. This point is also suggested in the context of Abdulrahman et al. (2015) in China and Matsumoto (2010) in Japan.
Availability of Skilled Workers
7 Sieang-kong group refers to the firms gathered by focusing on trading used parts imported from foreign countries mainly from Japan.
Almost all respondents confirmed that the availability of skilled workers are instrumental in maintaining remanufacturing operations. This is because such operations are labor intensive as they involve the complexity of disassembly and reassembly processes. This finding is in line with previous studies (Abdulrahman et al. 2015; Lundmark, Sundin, and Björkman 2009; USITC 2012) . For example, when skilled workers merely listen to the noise of an engine destined for remanufacturing, they are able to identify which part needs to be replaced.
Obstacles regarding skilled workers addressed by several interviewees concerned a lack in the requisite quality and quantity. Particularly, workforce of vocational education level tend to lack the technical skills required to get involved in remanufacturing processes. Another hindrance is the high cost of skilled labor pertaining to the Thai government policy that guarantees a minimum wage of 300 baht per day.
For firms selling new products along with remanufactured products, this factor is rated as more critical for operating their business than firms who conduct remanufacturing per se ( Table 2 ). The higher scores of the former could result from the fact that all of the firms who sell new products do so under their own brands. As mentioned above, skilled workers are necessary and even more important for firms producing new products under their own brand auspices.
Technical Aspects
Technical aspects were affirmed by respondents as being notably influential in making decisions to remanufacture. They identify the success of running remanufacturing business arising from their specific know-how and expertise, together with an availability of testing tools and machinery. In particular designs for remanufacturing was also confirmed as constituting a critical issue because suitable product design is technically necessary to enable ease of disassembly, cleaning, replacing and reassembling, specifically in the remanufacturing processes.
A respondent stated that if the product has not been properly designed for remanufacture, it would probably decrease production efficiency and increase labor costs. For example, a workforce normally remanufactures alternators or starters motors at a rate of 100 units per week. If the product is difficult to disassemble and reassemble due to its design, the workforce can expedite only 80 units per week. Moreover, several respondents revealed that products that are not designed for disassembly might require specific machinery/tools to complete the process. This will definitely increase a firm's production costs. Regarding this difficulty, respondents argued that it is worth trading in used parts or producing new products, rather than remanufacturing, due to the compararively lower profitability of remanufacturing poorly designed products.
Nevertheless, from our interviews, product design did not represent an obstacle to remanufacturing in cases where OEMs remanufacture their own products. Product design, particularly concerning the difficulty of disassembly and reassembly, is one of the tools OEMs employ to protect IRs from remanufacturing their products. Specific machinery and specialized know-how concerning disassembly and reassembly is required and possessed only by the OEMs themselves. For instance, some brands of drive shafts require specific machinery for their disassembly. Thus, small-scale repair/maintainance shops are unable to remanutacture them. With such specific designs OEMs need to have their own technological advantages. Not surprisingly, our t-test analysis suggests that for firms selling new products (one is an OEM and all have their own brands), this factor is rated as more critical for operating their business than firms who conduct only remanufacturing (Table 2) .
Firm's Strategic Factors
Business and Marketing Benefits
The survey results show business and marketing strategy is somewhat influential in affecting a firm's decision to conduct remanufacturing. Two respondents consider remanufacturing as one of the green marketing strategies required to build their environmentally-friendly image by informing their customers of how remanufactured products generate comparatively less negative impact on the environment. This is compatible with previous studies proposing remanufacturing as a means of promoting a company's green image (Östlin 2008; Östlin, Sundin, and Bjorkman 2008) .
Furthermore, remanufacturing represents a strategy for securing spare parts to provide services to customers in order to boost customer satisfaction. One sample firm conducts remanufacturing for a purely service rationale, rather than to increase profitability. Serveral firms necessarily remanufacture only in cases where the part is obsolete due to termination of production. This is in line with the literature review stressing that remanufacturing is an important source of component replacement, particularly concerning automotive parts (Östlin 2008; Seitz 2007; Östlin, Sundin, and Bjorkman 2008) .
Organizational Aspects
The organizational aspect was considered as being somewhat influential within remanufacturing. Not only organizational flexibility, but also business alignment is necessary to conduct remanufacturing. Moreover, clearly defined roles and job descriptions within an operation are indispensable in properly managing the organization. Routine comunication throughout the organization, for example between divisions like sales and production, for planning optimal production volumes also generate improved organizational alignment. This is in line with previous studies highlighting desirable communication patterns within organization (Lund and Denney 1977; Matsumoto 2010) .
However, in Thailand this factor was rated as less influential, compared to the business feasibility aspect. This could be due to the fact that the size of the majority of remanufacturing firms sampled in our research tended to be small and of limited complexity concerning management structure. This factor tends to be more significant in medium and large-sized firms where there exist a hierarchical organizational structure within management. However, our T-test found a statistical insignificance in rating this variable in terms of different firm sizes (Table 2) .
Concerns about Cannibalization Effects
The respondents identified concerns about cannibalization effects as being at the somewhat influential level. Many firms rate this factor as constituting a moderate concern and point out that there is no conflict between remanufacted and new products since they target different market segments, which is in line with prior studies (Hammond, Amezquita, and Bras 1998; Östlin, Sundin, and Bjorkman 2008) . While new parts with first class warranty are needed by car centers, remanufactured products are required more by maintenance shops. Furthermore, some firms have two groups of product with no conflict between them. New products target general customers, whereas remanufactured products serve more specific, niche customers who require obsolete parts. Another case involving different market segments concerns firms having two grades of product: grade A for export and B for domestic markets.
Interestingly, our ANOVA analysis shows that in some remanufactured products, concerns about cannibalization effects are more significant than others (Table 2) . For instance, firms producing drive shafts and alternators and starter motors rate this factor higher than those producing of transmissions and crane trucks. This is potentially because the former firms sell both new and remanufactured products under their own brands, while the markets for these products are close substitutes. Therefore, they need to be concerned more about conflict between new and remanufactured products. This issue is irrelevant to transmissions and crane trucks firms as they sell only remanufactured products.
Brand Protection
Brand protection was confirmed as only constituting a somewhat influential factor. However, for firms who rate this factor rather highly, it is still important to protect their specific know-how and knowledge. Furthermore, emphasizing product quality helps maintain a firm's reputation, protect their brand and build customer loyalty and confidence. Nevertheless, in Thailand this factor is less crucial since most firms are IRs, focusing less on protecting the brands. By contrast, the majority of literature studies commonly tend to mention OEMs engaging in remanufacturing being keen to protect their brand image or reduce any brand erosion from IRs (Saavedra et al. 2013; Seitz 2007) .
Our T-test analysis shows that firms who sell new products along with remanufactured products rate this factor to be significantly more crucial than those who produce only remanufactured products (Table 2 ). This is probably because all firms who sell both products have their own brand identities, one of which is an OEM. They, thus, are more motivated to protect their brand image by conducting remanufacturing than those who do not have a brand identity to propagate and protect.
Corporate Image
Due to a pervading low awareness concerning corporate image, the respondents rated this factor as merely slightly influential. Only one firm focuses on environmental concerns because of the strong green corporate policy encouraged by its headquarters. By contrast, several respondents were concerned about the system of waste disposal in their working area regarding industrial factory regulations, instead of being sincerely concerned about any harmful environmental impact. Firms also stressed that although undertaking remanufacturing could help to preserve raw materials and the environment, its practical, tangible impact is merely as a by-product of their business. Profitability definitely emerges as a more important concern than environmental matters. This factor has little impact on a firm's decision to become involved in remanufacturing since customers choose remanufactured products due to their lower price and replacement part availability, rather than any environment considerations. All in all, any corporate image promotion may be seen as a by-product of engaging in remanufacturing, although it potentially creates the mutual benefit of business profitability and improved environmental care. This is in line with the study of Seitz (2007) who was unable to confirm ethical and moral responsibility as a motive for automotive engine remanufacturing and Ferrer and Guide (2002) who found that firms still emphasize their main business activities rather than corporate image. This contradicts studies specifically in developed countries confirming that being perceived as environmentally-friendly and exhibiting ethical responsibility are critical considerations for both remanufacturers and their customers Chinnam 2009, 2010) . While remanufacturing is developed long before the other developing countries, Wei et al. (2015) also found environmental and ethical responsibilities are the motives for remanufacturing in China.
Our T-test analysis shows that this factor is still rated higher for firms who sell new products along with remanufactured products (Table 2) . Undoubtedly, firms who sell both products must allocate greater importance to corporate image since they all have their own brand identities through which to present their green credentials and environmental responsibility to their customers. For instance, one OEM who produces both types of goods under their own brand focuses seriously on corporate image owing to following its headquarter's green policy guidelines emanating from Germany.
Policy Factors
Rules and Regulations in Setting Up Remanufacturing Businesses
Rules and regulations in setting up remanufacturing businesses were considered as reaching the slightly influential level. Although some respondents see this as being necessary for assisting business establishment, so far in Thailand there are no relevant rules and regulations related directly to setting up this kind of business. They also stressed that even though the government has currently no prohibitory measures targeting remanufacturing businesses, they are not yet promoting or supporting them. There is still no governmental organization in charge of overseeing remanufacturing standards, quality control, and testing systems.
International Trade
This factor was also rated at the slightly influential level for affecting the decisions of firms to conduct remanufacturing. The Thai government has identified cores as used goods and has not prohibited the import of used automotive parts, unlike Malaysia and India (USITC 2012). As there is still no governmental prohibition on core imports, some firms perceived this as representing a significant business opportunity to run remanufacturing smoothly. However, several respondents complained that higher tariffs on imported used parts as cores for remanufacturing represent a trade barrier. This causes increased production costs and decreased competitive advantage.
Furthermore, this factor is rated as significant and even more crucial for firms who sell both new and remanufactured products (Table 2) . They rely more on international trade because they partly import cores or production ingredients for remanufacturing from foreign countries or some firms export their remanufactured products. This factor is even more critical for one respondent, an OEM, because it is owned by a foreign holding company with intensive international business operations compared to the Thai-owned firms.
Intellectual Property (IP) Protection
This factor was rated as slightly influential in impacting the decision of firms to instigate remanufacturing. Overall, IP protection was not found to be particularly noteworthy in this study because most of the sampled firms are IRs, which care less about IPs. Although the fact that know-how accumulated from prolonged experience and technology transfer from previous partners is protected by IP was addressed by some respondents, only few firms identify IP as an influencing factor and also perceive it as worthy of a low score. This is probably because there is a lack of any strict enforcement of IP regulations in Thailand. This is in contrast with the case in developed countries in which IP encourages remanufacturing businesses due to the effective enforcement of regulations (Pagell, Wu, and Murthy 2007) .
Undoubtedly, our ANOVA and interviews show that this factor is significantly more crucial for large-sized firms, of which there is only one representative OEM in this study. This OEM regards this factor as an important incentive because there is a strong IP protection policy stemming from its headquarters in Germany.
Environmental Regulations
Identified as not being at all influential, environmental regulations were confirmed as being the least influential factor in the decision to undertake remanufacturing. This result is also found in other studies in emerging countries like China (Abdulrahman et al. 2015; Zhang et al. 2011) . The respondents identify that there are no direct environmental regulations regarding remanufacturing operations in Thailand. The relevant regulations are generally standard environmental regulations or industrial factory regulations. They force all manufacturing businesses to mainly be concerned about waste disposal systems in working areas. This is unlike previous research studies 8 in developed countries, where the enforcement of environmental legislation and take-back laws have become major factors driving remanufacturing businesses.
Interestingly, our ANOVA testing and interviews show that this factor is more crucial for some particular remanufactured products, i.e. drive shafts, than others (Table 2) . Only drive shaft firms gave environmental regulations a higher score than the other firms. Environmental regulations represent even more critical drivers for drive shaft firms because they emphasize undertaking remanufacturing businesses as a first priority and build their own brands. By contrast, crane trucks and transmission firms, conducting remanufacturing without being under brand banners, which trade used products as a primary business priority, perceive environmental regulations as being the least influential factor impacting their businesses.
Conclusions and Policy Inferences
This paper aims to investigate the key factors influencing the decision making process of firms in conducting remanufacturing, using the Thai automotive parts sector as a case study. Our results show that on average considering all respondents, business feasibility is the most influential area driving the decision making of firms, followed by areas of a firm's strategic factors, and policy factors. In terms of individual factors, product maturity is ranked first as the most important factor for a firm to engage in remanufacturing activities, followed by financial aspects, which are influenced by both remanufacturing costs and customer demand, availability of skilled labor and technical aspects. Policies related to trade, intellectual property rights and the environment are listed as constituting the least crucial factors affecting the decisions of firms.
Interestingly, the characteristics of firms and products matter in ranking the factors influencing a firm's decision to conduct remanufacturing. Firms who sell both remanufactured and new products tend to place a higher weight on technical aspects; the availability of skilled labor; corporate image; brand protection and policies on trade than firms who process only remanufactured products. IP protection tends to be more crucial in influencing large-sized firm than small and medium-sized operations. Concerns about cannibalization effects and environmental regulations matter more for drive shaft and alternator and starter motor firms, compared to transmission and crane truck firms.
From our study, in order to seize opportunities while decreasing obstacles in remanufacturing activities, three areas need to be strengthened. These include laws and regulations related to remanufacturing activities, infrastructure, and human resource development (HRD). The establishment of comprehensive policies and standards is needed in this initial stage of Thai development to stimulate firms to enhance remanufacturing more intensively in order to exploit its potential advantages. End-of-Life vehicles (ELVs) directives, Extended Producer Responsibility (ERP), or even relevant laws and regulations related directly to remanufacturing operations should be established.
Regarding infrastructure, the foundation of remanufacturing centers and standards, which hold the key responsibilities of setting up quality control, standards and testing systems, and certification, is required. As soft infrastructure, Research and Development (R&D) is also needed to improve remanufacturing activities. The strategic directions of HRD should be followed strictly by the requirements of automotive parts firms as key customers. For example, creating and developing practical and up-to-date remanufacturing curricula, particularly in vocational education, represents one path to acheiving successful business ventures.
In terms of contribution to the relevant literature, this paper could potentially stimulate remanufacturing research and development in Thailand, or even other countries where remanufacturing lies also in the infant stages of maturity. Our research could also serve as an effective tool to help decision makers or policy makers, especially in developing countries, to decide whether to become involved in remanufacturing businesses in the automotive part industry, or any other industries, and shed light on ways to properly select the products to be remanufactured.
However, this research was conducted in the context of only one industry, the automotive parts industry sector, in Thailand and limited factors were included. Further case studies and empirical research should be extended to deepen knowledge and generalizability to other products, industries, or countries. Developing research strategies by utilizing comparisons between various industries remain, therefore, the significant challenge facing further research.
